An established time-resolved immunofluorometric assay designed for measurement of C-reactive protein (CRP) in canine blood was evaluated and validated for use in canine saliva. C-reactive protein was measured in saliva specimens from 5 healthy dogs before and after the injection of casein and in 37 dogs with different disease conditions. The analytical and functional limits of detection were 0.000053 g/ml and 0.0091 g/ml, respectively, and intra-and interassay coefficients of variation ranged between 6.7-9.9% and 8.5-16.5%, respectively. A recovery experiment showed no significant disagreement between detected values and expected ones, and saliva CRP concentration was measured in a linear and proportional manner. A positive correlation was found between CRP levels obtained in saliva and serum samples in the experimental (R 2 ϭ 0.76) and clinical studies (R 2 ϭ 0.70). The assay was able to detect significant differences between salivary CRP levels in healthy dogs and dogs with inflammatory processes. These results suggest that saliva can be used for CRP measurement in dogs. The use of saliva presents the advantage of an easier and less stressful sampling method for the animals, which might be performed outside of hospital environments.
Introduction
Saliva is a biological fluid secreted in abundant quantity and at a relatively regular rate. It contains a certain number of elements (of which some are common to the other body fluids, blood, and urine), which are secreted consistently enough to be useful for biological assays. 30 Saliva assays have been successfully used in human medicine during the past years, although only a few analytes (drugs, 20 immunoglobulins [Igs], 29 steroid and nonsteroid hormones, 1, 11, 26, 31 and acute-phase proteins [APP] 18, 24, 38, 45 ) have been assayed. In veterinary medicine, saliva samples have been mainly used for cortisol determination. 17, 44 Use of saliva represents a noninvasive method that is nonstressful and widely used in stress-measurement studies on farm animals 4 and dogs. [5] [6] [7] Dog saliva samples have also been used for measuring IgGs, to assess immune competence, 16 for detecting rabies virus antigen, 23 or for drug monitoring. 13 The APPs are a group of blood proteins that change in concentration in animals subjected to external or internal challenges, such as infection, inflammation, surgical trauma, or stress. 34 C-reactive protein (CRP), 1 of the major APPs in dogs, is a protein that shows an increase in levels in response to challenge. Currently, canine CRP is becoming 1 of the most important analytes providing diagnostic information on the presence of inflammatory lesions, 8, 10, 21, 35 and autoimmune 8 diseases, and on the response to treatment. 22, 33 Europium chelates used as nonradioactive labels and their sensitive quantitation based on time-resolved fluorescence have been used in a wide variety of routine and research applications in human and veterinary medicine. 2, 3, 14, 15, 25, 36, 41, 43 The europium chelates give a strong long decay time fluorescence, creating high specific activity in the labeled immunoreagents. 32 They are ideal labels for fluoroimmunoassays when high sensitivity is required. 40 This technology has been successfully used for the quantification of CRP in humans 42 and dogs. 37 The purposes of this study were to validate saliva specimens for use in a time-resolved immunofluorometric assay (TR-IFMA) designed for the analysis of CRP in serum and whole-blood samples 37 and to assess whether CRP determination in saliva samples could be used as a method to detect inflammation in dogs in clinical practice.
Materials and methods

Animals
Five clinically healthy German Braco dogs, all males, 1-9-yr-old, supplied by the Animal Center of Murcia University, were used in the experimental study. Thirty-seven randomly selected dogs with various pathological processes (Table 1) , which are expected to produce an acute phase response, were used in the clinical study. In addition, 7 male dogs, 10 mo old, supplied by the Animal Center of Murcia University, which were determined to be healthy on the basis of physical examination and clinical-pathological findings, were included as controls. Both saliva and serum samples were obtained from all animals. Dogs with apparent periodontal disease on clinical examination were not included in the study.
Sampling procedures
Blood samples were collected from all dogs by venepuncture into tubes containing a coagulation activator and a gel separator, a allowed to clot at room temperature, and centrifuged at 3,000 ϫ g for 10 min. Serum samples obtained were stored at Ϫ20 C until analyzed.
For saliva collection, commercial Salivette tubes b were used, but the cotton wool swabs were replaced by sponges because the former were too absorbent and did not allow the saliva to be released. The sponge was placed in each dog's mouth, in contact with the cheek mucosa for 1-2 min, then returned to the Salivette device and centrifuged for 10 min at 3,000 ϫ g. Finally, saliva samples were stored in Eppendorf tubes and frozen at Ϫ20 C.
Immunoassay procedure
C-reactive protein levels were measured in saliva and serum using TR-IFMA. 37 Serum samples and standards of pure CRP were diluted 1:10,000, whereas saliva samples were diluted 1:50 or undiluted. From this step, the same procedure was followed for both types of samples.
In brief, 300 ng/well of biotinylated goat anti-CRP antibodies c was pipetted into streptavidin-coated microtitration wells d and incubated for 45 min at room temperature. Next, strips were washed 4 times and 200 l/well of samples or standards dissolved in assay buffer (50 mM Tris-HCl buffer, pH 7.75, containing 0.9% NaCl and 0.05% NaN 3 , 0.5% bovine serum albumin, 0.01% Tween-40, 0.05% bovine ␥globulin, 20 M diethylenetriamine-pentaacetic acid, and 20 g/ml Cherry Red) were added. Both samples and standards were incubated for 45 min, and after a second wash, 200 l of europium d -labeled goat anti-CRP antibodies was added to each well. The strips were incubated for 45 min and then washed again. Finally, 200 l/well of enhancement solution e was added, and strips were incubated for 20 min. The enhanced fluorescence, proportional to the quantity of CRP in the sample, was measured in a VICTOR 1420 multilabel counter. f
Evaluation of the assay
Precision. The intraassay variation, expressed as the coefficient of variation (CV), was determined by measuring 3 saliva samples containing different levels of CRP (low, medium, and high) 8 times. The interassay variation was assessed by measuring in duplicate the same samples on 4 different days. The samples were frozen in aliquots, and only vials needed for each specific analytical run were thawed to prevent potential variation as a result of repeated freezethaw cycles.
Sensitivity or limit of detection. The analytical sensitivity was evaluated by repeated analysis (n ϭ 12) of the zero standard (assay buffer), whereas the diagnostic sensitivity was determined by analyzing 12 saliva samples from healthy dogs (the precasein samples in the 5 dogs of the experimental study and the 7 samples from the other healthy dogs), which are expected to have very low CRP levels. Both parameters were expressed as the mean concentration plus 2 SD.
Recovery experiment. One saliva sample containing a high level of CRP (h-CRP) and 1 containing a low level of CRP (l-CRP) were selected for use in a recovery experiment in which the h-CRP saliva was diluted 2-, 4-, and 10-fold with the l-CRP saliva. In addition, the l-CRP saliva was diluted 4 times with the h-CRP saliva. Detected and expected CRP levels for each diluted saliva sample were then calculated. 27 Linearity of dilution. Two canine h-CRP saliva samples were serially diluted (1:2, 1:4, 1:8, 1:16) with assay buffer, and CRP content of diluted samples was measured by the TR-IFMA. Afterward, curves representing CRP concentration measured versus CRP concentration expected were constructed.
Experimental study. Five clinically healthy dogs were conditioned to acute phase inflammation by subcutaneous injection of 5 ml of 5% (wt/vol) casein g in water. 8 This procedure was approved by the Ethical Committee of Murcia University. Saliva and blood samples were taken before the injection and 24 hr, 48 hr, and 1 wk later, and CRP content of each sample was measured by TR-IFMA.
Clinical validation. Seven saliva samples from clinically healthy dogs used as controls and 37 samples from dogs with various disease conditions were used for studying whether CRP measurement in saliva samples by TR-IFMA was useful to detect inflammation in dogs in clinical practice. In addition, CRP determinations were made in sera from these animals, and a correlation study between CRP levels in saliva and serum was performed.
Statistical analyses
The statistical significance level was set at 0.05. A chisquare test was applied to the recovery experiment. Linearity under dilution was accomplished by ordinary least-squares linear regression with linear transformation. Samples from dogs given casein were analyzed by a Wilcoxon signed-rank test. A Mann-Whitney U-test was used for comparison of healthy and diseased dogs in the clinical study. Simple regression analysis was used to compare results obtained by TR-IFMA in the measurement of CRP in saliva and serum 
Results
Precision.
Results from the precision study are shown in Table 2 . The intraassay variation offered coefficients of variation of 7.9%, 6.7%, and 9.9% for samples with low, medium, and high CRP concentration, respectively, whereas the interassay variation provided CVs that ranged between 8.5% for the sample with medium level of CRP and 16.5% for the sample with low protein content.
Limit of detection. The analytical limit of detection calculated as twice the standard deviation from the mean response for the zero control samples gave a result of 0.000053 g/ml, and the functional limit of detection was of 0.0091 g/ml.
Recovery experiment. Results of the recovery study are shown in Table 3 . When the l-CRP saliva sample was used to dilute the h-CRP saliva, the amount of CRP detected in the diluted sample decreased in proportion to the amount of l-CRP saliva added. Similarly, when the h-CRP saliva sample was used to spike the sample containing low levels of CRP, a rise in CRP levels of the former sample was observed. There were no significant differences between detected and expected values (P ϭ 1).
Linearity of dilution. Dilution of 2 canine saliva samples with high CRP content resulted in linear regression equations, where x ϭ expected CRP level ac-cording to dilution done and y ϭ measured CRP level and in which the intercept and slope did not differ from 0 and 1, respectively (Fig. 1) .
Experimental study. C-reactive protein salivary levels in animals before injection of casein ranged between 0 and 0.008 g/ml. These values increased significantly 24 hours (0.011-0.25 g/ml; P ϭ 0.04) and 48 hours (0.056-0.40 g/ml; P ϭ 0.04) after injection and returned to base levels 5 days later (0-0.010 g/ ml; P ϭ 0.23) ( Table 4 ). Two of the 5 dogs reached the highest CRP values in saliva 24 hours after injection, whereas the other 3 dogs attained these levels at 48 hours (Fig. 2) . The same pattern was observed in serum CRP levels with the same 2 dogs having the highest CRP levels at 24 hours and the other 3 attaining these levels at 48 hours. The comparison of TR-IFMA results by analyzing 19 saliva samples and the corresponding serum samples is shown in Fig. 3 . The following regression equation was obtained: y ϭ 0.0025x ϩ 0.0019, where y ϭ saliva CRP concentration and x ϭ serum CRP content (R 2 ϭ 0.76).
Clinical study. Significantly higher CRP saliva and serum levels were observed in diseased dogs (P Ͻ 0.001) versus CRP levels in healthy dogs ( Table 5 ). The correlation study between saliva and serum in these animals yielded the following regression equation: y ϭ 0.008x Ϫ 0.0335, where y ϭ saliva CRP concentration and x ϭ serum CRP content (R 2 ϭ 0.70, n ϭ 40) ( Fig. 4 ). 
Discussion
The use of saliva specimens instead of serum or plasma for measuring CRP would offer many advantages. First, saliva sampling is a noninvasive method and therefore less stressful for the animal. Second, on account of the ease of collecting and preserving the saliva samples, dog owners might do it themselves at home. This could represent a great advantage for people who live far away from veterinary practices or for dogs that are not used to being transported. Moreover, it could be useful in dangerous dogs, which only can be managed by their owners; sedation of these animals might be avoided.
However, there are many factors that can influence the composition of saliva including: plasma composition, flow rate, nature and duration of stimulus, circadian and circannual rhythms, exercise, drugs, antigenic stimulation, and various diseases. 12 The salivary flow can be affected by other factors such as degree of hydration, body position, exposure to light, or olfaction. It is a very common practice to increase saliva flow rate before collection with chewing gum or by the use of citric acid, 5, 28, 30 but it has been observed that the concentration of some biologically interesting compounds (those entering by secretion or filtration) may decrease when salivary flow increases, whereas the concentration of other compounds (such as sodium, which is less reabsorbed when saliva flow rate is higher) would increase. 9 Therefore, because the authors did not know about CRP behavior in saliva, it was decided to use unstimulated whole saliva samples. Further studies would be needed to assess the effects of the various factors described above on saliva CRP levels.
On the other hand, although it is recommended to freeze, thaw, and centrifuge the saliva sample to precipitate high molecular weight proteins and to obtain a clear supernatant, 20 the saliva samples were not centrifuged because this can present a risk of introducing a bias in assaying some molecules. 30 Periodontal disease should be another factor to bear in mind when using saliva samples because it has been shown in human studies that CRP levels increase considerably in patients with gingivitis or periodontitis compared with healthy or edentulous subjects. 38, 45 For this reason, dogs with apparent periodontal disease were not included in the study.
Four standard criteria for validating immunoassays were assessed with the TR-IFMA, namely, precision, sensitivity, accuracy (evaluated by measuring the recovery CRP), and linearity under dilution. The results of the analytical validation indicated that canine saliva CRP concentrations could be measured reliably using the TR-IFMA. There was only 1 concern with interassay variation for the saliva sample having the lowest CRP concentration. Even if the CV obtained for this sample was high (16.5%), it might be acceptable bearing in mind the extremely low CRP concentration of this sample. 19 Serum CRP levels are raised in various disorders and are generally correlated with the extent and activity of disease in dogs. 34 Agreeing with former reports, this clinical study showed increased serum CRP levels in dogs suffering from different diseases. Saliva CRP concentrations in diseased dogs were also elevated compared with saliva levels in healthy animals; however, not very high coefficients of regression between saliva and serum CRP concentrations were obtained in both clinical and experimental studies. Some of the factors affecting saliva secretion or composition might be responsible for this phenomenon. Nevertheless, it must be highlighted that CRP values in saliva from dogs with different inflammatory diseases were always tens or hundreds of times higher than CRP levels in healthy dogs, so CRP measurement in saliva samples might be used as an efficient tool for quantifying the levels of CRP in dogs in clinical practice.
To the knowledge of the authors, this is the first time that CRP is measured in canine saliva specimens and used as an inflammation or tissue destruction marker. The use of a very sensitive technology, such as timeresolved fluorometry, has made this study possible.
Other methodologies seem to be not sensitive enough for the measurement of the small CRP concentrations present in saliva. Indeed, the attempt of this study to measure salivary CRP by using a commercial ELISA kit i failed (data not shown). In conclusion, the CRP measurement in saliva samples by TR-IFMA could be used as an alternative or complementary technique to CRP determination in serum samples from dogs, but additional studies are needed to assess the effects of the factors that can influence saliva composition and release, such as circadian rhythms, exercise, drugs, or diseases. 
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